In attempts to define suitable conditions for the in-vitro fertilization of mammalian eggs, it has been shown that the osmolality of the medium affects the fertilization rate of mouse and hamster eggs (Miyamoto & Chang, 1973b) , and the pH values of the medium affect the fertilization rate of hamster eggs (Bavister, 1969; Miyamoto et al., 1974) , mouse eggs (Iwamatsu & Chang, 1971; Miyamoto et al., 1974) and rat eggs (Miyamoto et al., 1974) . Iwamatsu & Chang (1971) showed that calcium ions affect the capacitation of spermatozoa and fertilization of mouse eggs in vitro in the presence of bovine follicular fluid.
It has recently been shown that guinea-pig spermatozoa fail to fertilize eggs in calcium-free media (Yanagimachi & Usui, 1974) . The achievement of fertilization in vitro by epididymal spermatozoa of mice (Toyoda et al., 1971 ) and rats has made it possible to define suitable conditions for in-vitro fertilization of these eggs in a defined physico-chemical environment. The present study was designed to determine if calcium ions have a particular role to play in the fertilization in vitro of mouse and rat eggs in a chemically defined medium.
Mature female DDN mice and immature female Wistar rats were induced to superovulate and their eggs were recovered according to the procedures reported elsewhere (Miyamoto & Chang, 1973a; . Eggs in the cumulus clot were washed three times in 1 ml of a test medium in order to remove the oviducal fluid. The medium used in the present experiment was essentially the same as that used by , except that the concentration of CaCl2 was varied. In some cases, the cumulus egg clot was placed in a watch glass containing 0-5 ml of 0-003% hyaluronidase in a test medium. After the removal of the cumulus cells, the hyaluronidase-treated eggs were washed three times.
A mouse sperm suspension was prepared by mincing the cauda epididymidis of a mature male DDN mouse in a watch glass containing 2 ml test medium. A rat sperm suspension was prepared by placing spermatozoa obtained from the cauda epididymidis of a mature male Wistar rat in 0-5 ml test medium covered with paraffin oil. About 0-02 ml of fresh sperm suspension was added to 0-5 ml test medium containing eggs under paraffin oil in a plastic dish. In some cases, mouse spermatozoa were preincubated for 2 hr in a medium containing 1-71 mM-CaCl2 to induce capacitation before mixing with eggs (Toyoda et al., 1971) and then 0-01 ml capacitated sperm suspension was placed in 0-5 ml medium h 524 H. Miyamoto and T. Ishibashi with (1-71 mM) and without calcium. The suspension of the gametes was in¬ cubated at 37CC in an atmosphere of 5% C02 in air. After incubation for 5-7 hr, the eggs were taken out, mounted on a slide and examined. They were then fixed with neutral formalin and stained with lacmoid for the assessment of fertilization (Miyamoto & Chang, 1973a) . (72) 15 (12) 0(0) 0(0) 0(0) 4(4) 51 (41) 72 (76) 52 (61) 11 (9) The results of the experiments are shown in Table 1 . When mouse or rat spermatozoa were incubated with eggs in calcium-free medium, the proportion of motile spermatozoa was decreased at the end of incubation. The proportion of motile spermatozoa at the end of incubation was high in the presence of calcium. No mouse eggs were penetrated in vitro in the absence of calcium ions whether the cumulus cells were removed or not, and thus calcium ions appear to be necessary for the fertilization of mouse eggs in vitro in a chemically defined medium. Capacitation of spermatozoa and penetration of mouse eggs in vitro occurred in media of 0-34 to 5-13 mM calcium. The proportions of penetra¬ ted mouse eggs and those of eggs undergoing fertilization were significantly higher (P<0-01) when the gametes were incubated in media of 1-71 mM than in media of 0-34 to 0-86 mM or of 5-13 to 8-55 mM calcium. It seems that the most suitable calcium concentration for fertilization in vitro of mouse eggs under the present experimental conditions was 1-71 mM, as in the case of Krebs-Ringer bicarbonate solution. Higher (5-13 and 8-55 mM) or lower (0-34 and 0-86 mM) concentrations of calcium may have an inhibitory effect on sperm penetration. These results confirm the statement by Iwamatsu & Chang (1971) that the concentration ofcalcium ions affects the capacitation of mouse spermatozoa and the penetration of mouse eggs in vitro in the presence of bovine follicular fluid. When epididymal spermatozoa were incubated with eggs in calcium-free Fertilization of mouse and rat eggs in vitro 525 Tyrode's solution containing bovine follicular fluid, a low proportion (2-2%) of mouse eggs underwent fertilization (Iwamatsu & Chang, 1971 ). This may be due to calcium contained in mouse oviducal fluid and bovine follicular fluid (Lutwak-Mann, 1954) .
When the mouse eggs in a medium with and without calcium were insemin¬ ated with capacitated spermatozoa which had been preincubated in a medium containing calcium, none of 75 eggs was penetrated in a calcium-free medium, and 58 (87%) of 67 eggs were penetrated and 52 (78%) were undergoing fertilization in a medium containing 1-71 mM calcium. This result shows that, even if mouse epididymal spermatozoa are capacitated by preincubation in a medium containing calcium ions before mixing with the eggs, they are unable to penetrate through the zona pellucida in a calcium-free medium. Thus cal¬ cium ions in a medium play an important role in the fertilization of mouse eggs in vitro.
As for mouse (present study) and guinea-pig (Yanagimachi & Usui, 1974) eggs, rat eggs were not penetrated in vitro in a calcium-free medium ( Table 1) . Capacitation of spermatozoa and penetration of rat eggs in vitro occurred in media of 0-34 to 5-13 mM calcium. The proportions of penetrated rat eggs and those of eggs undergoing fertilization were significantly higher (P<0-01) when gametes were incubated in media of 1-71 mM than in media of 0-34, 5-17 or 8-55 mM calcium. As for mouse eggs, calcium ions in a medium are necessary for capacitation of spermatozoa and fertilization of rat eggs in vitro and a concen¬ tration of 1-71 mM was found to be the most suitable of these examined in the present study.
The absence of calcium is known to prevent development of eight-cell mouse embryos (Whitten, 1957) , and two-cell mouse embryos cultured in calciumdeficient media had a decreased rate of cleavage (Wales, 1970) . The incidence of activation, as well as of fertilization, of mouse and rat eggs in the absence of calcium was examined in the present study. The proportions of spontaneously activated eggs which had a pronucleus(ei) after incubation for 5-7 hr in media with (1-71 mM) and without calcium were 4% and 70%, respectively, in mouse eggs and 6% and 67% in rat eggs. Since calcium affects various enzymes im¬ portant in energy metabolism (Wyatt, 1964) , the action of calcium in the in¬ cubation medium may be on the general metabolic activity of the eggs.
